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Abstract: The pollination success of two nonrewarding orchids in two coarse habitats was examined. The comparative results of Orchis
punctulata and O. purpurea showed a significant differentiation. The fruit set of O. purpurea was significantly greater compared to O.
punctulata, whereas both species also had significantly higher fruit set in the grassland compared to the forest. Although the pollination
success of O. purpurea was not significantly correlated with plant height, inflorescence size, or nearest neighbor distance, these factors
were found to be significantly correlated to the pollination success of O. punctulata. Among these factors, the nearest neighbor distance
had the highest impact on the pollination success of O. punctulata, whereas the respective effects to the individuals of O. purpurea
were found to be nonsignificant. The results demonstrate that the distribution of O. punctulata at the edges of its range is not delimited
by factors related to its pollination effectiveness and that other factors, mostly related to the microsite conditions, might play a more
significant role in the colonization of more western areas. Moreover, suitable management treatments that would increase the light levels
within the forest sites studied may also increase the pollination success and the fruit production of the studied orchids.
Key words: Orchids, deception, inflorescence size, nearest neighbor distance, female reproductive success, conservation

1. Introduction
The family Orchidaceae, with approximately 27,000
species (Govaerts, 2016), is characterized by a remarkable
diversity of floral forms, an enormous diversity of
pollination mechanisms and (compared to other plant
families) by an unusually high occurrence of nonrewarding
flowers (van der Cingel, 1995; Jersáková et al., 2006). The
large proportion of orchids that use deceit as a pollination
mechanism (almost one third of the species employing
deceit) has been attributed to the fact that orchids usually
inhabit environments poor in nutrients and consequently
they evolved deceit to overcome nectar absence (van der
Cingel, 1995). According to a hypothesis, deception has
evolved as a mechanism with which plants save energy and
is mostly effective in habitats where sufficient pollinators
are available, whereas in environments where pollinators
are limited deception might prove to be ineffective and
as a result natural selection might favor rewarding or
autogamous species (Jersáková et al., 2006; Claessens and
Kleynen, 2011). Contrary to this, and based on another
hypothesis, the so-called outcrossing hypothesis, the
* Correspondence: stsiftsi@bio.auth.gr
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deception reduces geitonogamous pollination, increasing
simultaneously the quality of the produced seeds
(Kindlmann and Jersáková, 2006; Jersáková et al., 2006).
Among the species of the family that use deception, the
most species-rich group consists of food deceptive orchids
(Nilsson, 1992; Jersáková et al., 2012). The species of this
group usually have a floral structure resembling specific
co-occurring rewarding species, and in that way they
attract naive or even experienced pollinators that seek
nectar in the spur or other flower parts.
The species of the temperate orchid genus Orchis show
a great variation in their floral traits, and although they
differ in their pollination mechanisms that they use to
achieve reproduction, most species are characterized as
food deceptive (Kretzschmar et al., 2007; Claessens and
Kleynen, 2011). A well-supported clade resulted from
the basis of detailed phylogenetic analyses within the
genus Orchis is the punctulata~militaris clade. According
to the results of these analyses, Orchis punctulata, O.
purpurea, and the other species of the genus that have an
anthropomorphic lip (e.g., O. militaris) are considered
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sister taxa. Moreover, their close relationship can also be
confirmed by their morphological similarities and by the
fact that they are both nectarless and mostly share the
same pollinators through the same pollination mechanism
(Kretzschmar et al., 2007; Claessens and Kleynen, 2011;
Tsiftsis and Antonopoulos, 2017). According to Dressler
(1981), most species of the genus Orchis are visited by
inexperienced bumble bees that search for nectar and
after some unsuccessful trials they move from one plant
to another. More specifically, pollinators of Orchis species
are bumble bees of the genus Bombus, as well as bees of
the genera Antophora, Apis, Echinomyia, Empis, Eucera,
Halictus, Hemaris, Osmia, Psithyrus, Tropinota, etc.
(Baumann et al., 2006; Claessens and Kleynen, 2011).
In general, it is thought that insects are attracted by the
flowers due to their bright colors and the fragrances that
they emit. Many, mainly young insects visit the flowers of
the species of the genus Orchis searching for food. When
an insect finds out that the flower does not offer nectar it
moves to another flower, transferring the pollinaria with it
(Claessens and Kleynen, 2011; Tsiftsis and Antonopoulos,
2017).
The exact causes of species rarity is a major question in
ecological studies as these are usually affected by several
factors, both intrinsic and extrinsic (Münzbergová, 2005;
Carrió et al., 2009). Among others, it is well known that
high pollination rates, the high fruit set, the high number
of seeds produced by a single fruit, and the successful
seedling establishment are important factors that influence
and ensure long-term viable populations (Jacquemyn et al.,
2002; Roberts, 2003; Jacquemyn et al., 2005). In orchids,
nectariferous species have higher percentages of fruit set
compared to the nectarless ones, which usually suffer from
low visitation rates (Johnson and Bond, 1997; Neiland
and Wilcock, 1998; Hansen and Olesen, 1999; Jacquemyn
et al., 2002; Tremblay et al., 2005; Jersáková et al., 2006).
Moreover, apart from the reward provided (e.g., nectar),
other factors, such as the number and the type of pollinator
species, the abundance of pollinators, the nearest distance
to rewarding plant/model species, and the density of the
individuals also have a direct effect on the reproductive
success of food-deceptive orchids (Peter and Johnson,
2008; Jermakowicz et al., 2015). Although in rewarding
species the levels of fruit set are high as individuals density
increases (Rymer et al., 2005), in nectarless species the
fruit set decreases as density increases (Ferdy et al., 1999).
In the first case, it has been found that rare plants usually
attract fewer insects than common ones, whereas, in the
latter case, pollinators learn to avoid deceptive species as
density increases and after some trials (Nilsson, 1992).
Among the factors that determine orchid distribution,
the availability of mycorrhiza, availability of pollinators,
and pollinators’ efficiency and ability of seed dispersal are

considered the most significant (Rasmussen, 1995; Sletvold
et al., 2016; Jacquemyn et al., 2017). Moreover, rewards that
pollinators get from the orchid flowers seem to influence
orchids’ distribution on different scales. On a broad scale,
Neiland and Wilcock (1998) found in their analysis that
nectariferous plants are more widely distributed compared
to the nectarless ones, whereas apart from this general
trend, pollination success and seed production influence
the overall orchids’ population fitness. In such cases,
according to Jacquemyn et al. (2005), the nonrewarding
species are more prone to local extinction compared to
the rewarding ones, and these effects are expected to be
much more harmful in the case of species growing at their
range margins. Usually, these subpopulations occur in
ecologically marginal habitats and as a result tend to be
small and isolated, compared to subpopulations occurring
at the center of their species range (Jacquemyn et al., 2007;
Pfeifer et al., 2010).
In the present study, the pollination success of Orchis
punctulata Steven ex Lindl. (Figures 1A and 1B) was
examined and the results were compared to the respective
data of its sympatric O. purpurea Huds. (Figures 1C
and 1D). Moreover, the effects of different habitat types
(through the differentiation in the amount of light that
reaches the herbaceous layer), of the plant size, and a
measure of the individuals’ density (expressed by the
nearest neighbor distance (NND)) on the pollination
success of both studied species were also investigated.
2. Materials and methods
2.1. Studied species
Based on their close morphological relationship, Orchis
punctulata and O. purpurea have been classified in the
same section (Orchis section) of the subgenus Orchis
within the homonymous genus (Kretzschmar et al., 2007).
Orchis punctulata is characterized as the species with
the most fragmented distribution within the subgenus
Orchis. It is mainly distributed in Turkey, Cyprus, and the
neighboring countries of the Middle East, reaching the
Crimea and the Russian Black Sea to the north, whereas it
forms its westernmost distribution limits in eastern Greece
(Kretzschmar et al., 2007; Tsiftsis and Antonopoulos,
2017). In mainland Greece, it is only known from three
localities hosting a very limited number of individuals and
as a result it has been included in the list of the rare and
threatened plants of Greece, characterized as Critically
Endangered (Tsiftsis and Tsiripidis, 2016). Contrary to O.
punctulata, O. purpurea is a southern and central European
floristic element that is common in Greece, where it is
found more often in the central and northern parts of
the mainland, forming small to quite large colonies of
scattered individuals, becoming rarer in the southern parts
of the country and on the islands (Kretzschmar et al., 2007;
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Figure 1. Habitus and flower of the studied species (A and B: Orchis punctulata; C and D: Orchis purpurea).
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Tsiftsis and Antonopoulos, 2017). Both O. punctulata
and O. purpurea are tuberous, perennial, and nectarless
orchids, providing no nectar reward to their pollinators,
which can be bees (Apis mellifera and Halictus spp.) and
flies (Kretzschmar et al., 2007; Vakhrameeva et al., 2008).
Moreover, according to Lang (2004), O. purpurea is mainly
pollinated by the wasp Ancistrocerus parietum (syn.:
Odynerus parietum), whereas the sympatric existence
(although rarely) of hybrid individuals between these two
species demonstrates that they share the same pollinators.
In the areas where both species co-occur they usually
flower from April to mid-May (Tsiftsis and Antonopoulos,
2017).
2.2. Study sites
The study area is located in NE Greece and specifically
in the prefecture of Evros (N–NW of the village of Melia;
40°58ʹN; 26°05ʹE) (Figure 2). The field study was conducted
in all the known localities (three localities, in total) where
both species had been initially recorded in the previous

years. According to Dafis (1973), the forest vegetation of
the study area is classified in the thermophilous deciduous
oak woods subzone of the Mediterranean zone. The
vegetation is mainly dominated by oak (Quercus frainetto,
Q. pubescens, Q. petraea subsp. medwediewii) or pine
forests (Pinus halepensis subsp. brutia), whereas large
patches with shrubs (Arbutus andrachne, A. unedo, Erica
arborea, E. manipuliflora, Juniperus oxycedrus subsp.
oxycedrus, Quercus coccifera, Phyllirea latifolia etc.) and
agricultural lands are scattered within these forests. The
tree species do not always form pure stands but can also be
found mixed with others, forming a mosaic of vegetation
types. In 2009 and 2011, two large-scale forest fires burnt a
significant part of these forests, increasing the percentage
of the scrublands of the area.
2.3. Data sampling and analysis
In April 2017, the three known colonies of Orchis
punctulata were visited twice and the exact location of
each individual was marked. Apart from O. punctulata,

Figure 2. Map of the study area.
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and in sympatry with it, O. purpurea individuals as well as
hybrids between both species were also found. In the first
locality, O. punctulata individuals were recorded within
an unmanaged oak forest (mainly composed of Quercus
petraea subsp. medwediewii and Q. pubescens, having
Cistus creticus and Juniperus oxycedrus subsp. oxycedrus
in the understory) as well as in its openings, whereas the
individuals of O. purpurea were recorded only within the
same oak forest. In the second locality, both O. punctulata
and O. purpurea individuals were recorded within a
medium sized oak forest patch, composed of the same tree
species as those in the first locality. The third locality was
an old burnt pine forest, which was dominated by Cistus
creticus and grasses after removal of the burnt trees. Here,
both studied species were found among sparse Cistus
creticus plants, whereas some other individuals were found
within a neighboring oak forest patch. At the beginning
of June, the colonies were revisited and the number
of pollinated (number of fruits - female reproductive
success), as well as the number of nonpollinated flowers
were counted for all the O. punctulata and O. purpurea
individuals. The percentage of fruit set (number of
pollinated flowers divided by the total number of flowers)
corresponds to the relative female pollination success
calculated for the individuals of each species. Apart
from the female pollination success, the plant height and
the size of the inflorescence of all individuals, as well as
their distance from the nearest neighbor individual of
the same species were also measured during our second
visit (in June). In total, 51 individuals of O. punctulata
and 27 individuals of O. purpurea were recorded and were
classified in two groups. The first group consisted of the
individuals recorded in forested habitats (oak forest),
whereas the second one consisted of the individuals
recorded in open habitats either grasslands or the site with
Cistus creticus (hereafter referred to as grassland).

In order to explore the relationship between the
number of flowers and number of pollinated flowers
of both species at each of the two habitats, polynomial
regressions were used. We used second-degree polynomials
and always tested the significance of the quadratic terms
in order to determine whether a linear regression would
not be sufficient for fitting the data. Moreover, the Mann–
Whitney U test was used to explore if there are significant
differences in the number of flowers and the number of
pollinated flowers between forest and grassland habitats,
as well as between O. punctulata and O. purpurea, whereas
Spearman’s rank correlations were calculated between
plant height, inflorescence size, and the NND and
pollination success.
Moreover, to find the most significant factors that
affect the pollination success for both species and habitats,
polynomial second-order generalized linear models
(GLMs) consisting of the NND, inflorescence size, and
plant height were used. Generalized linear models were
generated for the percentage of pollinated flowers (relative
pollination success) and were fitted with a quasi-binomial
family error.
All analyses were performed in R version 2.15.3 (R
Core Team, 2013).
3. Results
In total, out of the 51 recorded individuals of O. punctulata,
24 were found within forest and 27 in grassland, whereas
15 individuals of O. purpurea (out of the 27) were recorded
within forest and the other 12 individuals in the grassland
communities (Table 1). Based on the Mann–Whitney U
test, the individuals of O. punctulata recorded within forests
had a significantly higher number of flowers compared to
those recorded in the grassland (P < 0.001). Contrary to
the number of flowers, the number of pollinated flowers, as
well as the percentage of pollinated flowers, was higher in

Table 1. Characteristics of the studied orchid colonies.
Orchis punctulata (n = 51)
Forest (n = 24)

Orchis purpurea (n = 27)
Grassland (n = 27)

Forest (n = 15)

Grassland (n = 12)

Min–Max

Mean ± SD

Min–Max

Mean ± SD

Min–Max

Mean ± SD

Min–Max

Mean ± SD

Number of flowers

24–96

63.33 ± 15.1

24–87

48.67 ± 15.31

28–67

43.27 ± 11.03

28–53

38.83 ± 7.54

Number of pollinated flowers

0–44

12.88 ± 10.75

0–28

14.19 ± 8.06

9–24

17.67 ± 4.83

16–29

22.17 ± 3.78

Pollination success (%)

0–47.3

19.02 ± 12.37

0–51.16

27.68 ± 13.26

32.14–48.84

40.75 ± 5.4

53.66–72.41

57.48 ± 5.09

Plant height (cm)

24.8–61.2

39.55 ± 7.25

24.9–57.2

32.8 ± 6.99

38.1–59.1

47.35 ± 6.16

38.9–52.3

45.22 ± 4.42

Inflorescence size (cm)

8.1–16.5

12.74 ± 2.34

6.4–16.7

9.98 ± 2.08

12.6–23.2

16.94 ± 2.97

14.5–24.2

17.72 ± 2.62

NND (m)

0.05–18.4

3.5 ± 4.19

0.3–56.8

5.9 ± 11.27

0.8–11.7

5.25 ± 3.86

0.6–3.1

1.37 ± 0.84
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the individuals occurring in the grassland. However, this
trend was found to be nonsignificant (P = 0.277) as regards
the number of pollinated flowers and statistically significant
(P < 0.01) for the respective percentage. Concerning
O. purpurea, the number of flowers per individual was
also higher in the individuals recorded within the forest
compared to those occurring in the grassland but these
differences were found to be nonsignificant as well (P =
0.328). On the other hand, the individuals of O. purpurea
occurring in the open habitat had a significantly higher
number of pollinated flowers and percentage of pollinated
flowers compared to those occurring within the forest (P <
0.05 and P < 0.001, respectively). Moreover, as regards the
differences among species, for both habitats (within the
forest and in the grassland), O. punctulata individuals had
a significantly higher number of flowers compared to those
of O. purpurea (P < 0.001 and P < 0.05, respectively) but a
significantly lower number of pollinated flowers (P < 0.05
and P < 0.01, respectively). Furthermore, the percentage
of pollinated flowers was also significantly higher in O.
purpurea (P < 0.001 for both habitats).
The pollination success of both species, as it is
expressed by the number of pollinated flowers, although
being significantly and positively correlated with the
number of flowers, shows quite different trends between
the two studied species in the different habitats (Table
2; Figures 3A and 3B). Specifically, in the forest, the
pollination success of O. punctulata tends to increase
sharply as the number of flowers increases, whereas the
respective success of O. purpurea, although higher in
numbers than that of O. punctulata, gradually increases in
inflorescences with a small to medium number of flowers
and almost becomes stable in individuals with manyflowered inflorescences (Figure 3A). In the grassland

habitat, although the differences among the two species are
quite similar to those recorded within the forested habitat,
in O. punctulata the increase rate of the pollination success
gradually decreases in individuals with many-flowered
inflorescences, whereas, in O. purpurea, the increase rate
remains almost stable (Figure 3B). Similar patterns were
shown between the percentage of pollinated flowers with
the number of flowers for both studied species (Figures 3C
and 3D). However, contrary to the regression analyses of
the number of pollinated flowers, the relationship between
the percentage of pollinated flowers and the number of
flowers in O. purpurea was nonsignificant (Table 2).
The influence of plant height, inflorescence size, and
NND in the pollination success of both species was in
general moderate or weak and nonsignificant (Table 3). A
significant positive correlation was found between plant
height and inflorescence size (P < 0.05, respectively) with
the pollination success of O. punctulata occurring within
the forest, whereas the effect of NND in the pollination
success of O. punctulata in both habitats was significantly
and negatively correlated. In contrast, the respective effects
on the pollination success of O. purpurea at both habitats
were nonsignificant.
The GLM analyses showed that in the case of O.
punctulata individuals occurring within the forest all
the variables were statistically significant and together
explained 51.84% of the total variance (Table 4). Among
them, the most significant factor was found to be the
NND. In the case of O. punctulata individuals recorded in
grasslands, the only significant factor was also the NND,
accounting for 11.38% of the variance, whereas the GLM
analyses of O. purpurea revealed that none of the analyzed
factors had a significant effect.

Table 2. Summary statistics of the polynomial regressions.
Forest

Number of pollinated flowers
(2nd order regression)

Percentage of pollinated flowers
(2nd order regression)

Grassland

R2

P value

R2

P value

Orchis punctulata

0.566

P < 0.001

-

-

Orchis purpurea

0.869

P < 0.001

-

-

Orchis punctulata

-

-

0.624

P < 0.001

Orchis purpurea

-

-

0.864

P < 0.001

Orchis punctulata

0.328

P < 0.05

-

-

Orchis purpurea

0.354

P = 0.072

-

-

Orchis punctulata

-

-

0.242

P < 0.05

Orchis purpurea

-

-

0.245

P = 0.283
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Figure 3. Relationship between number of flowers and number of pollinated flowers within forest (A) and in grassland (B), as well
as between number of flowers and percentage of pollinated flowers in the respective habitats (C: forest; D: grassland). Trend lines for
both species (O. punctulata and O. purpurea) were set by 2nd-order polynomial regressions.

4. Discussion
Studies on the pollination success of deceptive orchids are
of great importance as high seed production can ensure
long-term population viability combined with suitable site
management (Jacquemyn et al., 2002, 2005). Moreover,
such studies can provide valuable considerations and
conservation implications especially in the case of
threatened and endangered species. Orchis punctulata
suffered a continuous decline throughout its distribution
range due to the expansion of the residential areas and
intensifying the agricultural use of its biotopes. As a
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result, the number of flowering plants has fallen rapidly
in the last 30 years, and many of its locations have already
disappeared in many of the countries where it is distributed
(e.g., Turkey, Cyprus, and Greece) (Kreutz, 2004; Tsiftsis
and Antonopoulos, 2017).
Pollination studies concerning O. punctulata are rare
in the existing literature and only sparse information
exists. Kretzschmar et al. (2007) mention that in an area
of Turkey (near Artvin) the percentage of flowers that set
seeds ranged in 2003 between 20% and 30% and that this
percentage is almost equal to that of other allogamous
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Table 3. Spearman’s rank correlations of plant height, inflorescence size, and nearest neighbor distance (NND) with the relative
pollination success.
Studied species
Orchis punctulata
Orchis purpurea

Habitat

Plant height (cm)

Inflorescence size (cm)

NND (m)

Forest

r = 0.392; P < 0.05

r = 0.460; P < 0.05

r = –0.363; P < 0.05

Grassland

r = 0.214; P = 0.283

r = 0.252; P = 0.204

r = –0.499; P < 0.01

Forest

r = –0.093; P = 0.742

r = 0.089; P = 0.752

r = –0.425; P = 0.114

Grassland

r = –0.357; P = 0.254

r = –0.427; P = 0.167

r = –0.214; P = 0.511

Table 4. Summary statistics of the polynomial regressions by means of generalized linear models (GLMs), which are used to test the
explanatory variables against a null model.
Percentage of
pollinated flowers

Orchis punctulata
(forest)

Orchis punctulata
(grassland)

Orchis purpurea
(forest)

Orchis purpurea
(grassland)

Explanatory variables

Order

Degrees of
freedom

Residual
deviance

Null model

1

23

2.418

NND

2

21

Inflorescence size

2

Plant height

F

P

Cumulative explained
deviance

1.664

4.807

<0.05

31.18

19

1.286

4.516

<0.01

46.80

2

17

1.164

3.225

<0.05

51.84

Null model

1

26

2.833

NND

2

24

2.511

1.947

<0.05

11.38

Inflorescence size

2

22

2.282

1.599

0.21

19.45

Plant height

2

20

2.194

1.1679

0.362

22.55

Null model

1

14

0.1696

NND

2

12

0.1393

1.297

0.309

17.87

Inflorescence size

2

10

0.0959

1.916

0.184

43.45

Plant height

2

8

0.0958

1.023

0.473

43.49

Null model

1

11

0.121

NND

2

9

0.1

0.977

0.413

17.40

Inflorescence size

2

7

0.087

0.687

0.623

27.70

Plant height

2

5

0.081

0.418

0.841

32.92

species. Although the female reproductive success of O.
punctulata in the study area ranged from 0% to c. 50%,
the mean values were c. 20% and c. 30% in the forest
and in the grassland, respectively, confirming the abovementioned observations. Contrary to O. punctulata, the
respective values for O. purpurea were higher (c. 40% and
c. 60% for forest and grassland, respectively) compared
to most of those presented in the literature. According to
Jacquemyn et al. (2002), the female reproductive success
of O. purpurea varied from 0% to more than 60% but
the mean value was below 30%. This differentiation may

demonstrate that in the southern areas deceptive orchids
have higher female reproductive success compared to more
northern populations. This hypothesis is also supported by
the high fruit set of the Greek endemic Anacamptis boryi
(up to 50%) compared to the mean fruit set values of other
Orchis s.l. taxa recorded in central Europe (Gumbert and
Kunze, 2001). The high fruit set observed in the study area
compared to the mean values recorded in central Europe
may have two reasons. First, the bee communities are
especially diverse around the Mediterranean compared to
the more northern areas (Petanidou and Lamborn, 2005),
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and, second, the favorable climatic conditions (daylight
duration, higher spring temperature) may affect positively
pollinators’ behavior and activity.
The individuals of O. punctulata recorded within the
forests of the study area tend to have larger inflorescences,
composed of more flowers, compared to those recorded
in the grassland communities, whereas, in contrast,
no significant differences were detected as regards O.
purpurea. Similarly to the results of the present study,
Jacquemyn et al. (2009) and Jacquemyn and Brys (2010)
found no specific differentiation in the inflorescence
size and the number of flowers of O. purpurea and O.
mascula between these two coarse habitats. However,
the differences found in the populations of O. punctulata
could be attributed to the low pollination success and
the pollinators behavior, which exert a selective pressure
for plants having larger inflorescences. According to
Jacquemyn et al. (2002), nonrewarding species, whose
individuals have large inflorescences, are thought to be
more attractive to pollinators and as a result receive more
pollinator visits compared to individuals having smaller
inflorescences. If this stands in the case of O. punctulata,
the limited pollinators tend to pollinate to a greater extent
individuals having larger and more showy inflorescences
and consequently this kind of individual prevails.
Although O. punctulata individuals usually have
larger inflorescences composed of more flowers compared
to those of O. purpurea (Kretzschmar et al., 2007;
Vakhrameeva et al., 2008), the pollination success of O.
purpurea individuals in both habitats was significantly
higher compared to O. punctulata. Information about the
way that pollinators are being attracted by O. punctulata
is totally lacking in the literature, whereas O. purpurea
attracts its pollinators by the bright coloration of the flower
lip (Kretzschmar et al., 2007). In many cases, species that
share the same pollinators and grow in sympatry can have
increased pollination success because they usually attract
many pollinators (Johnson et al., 2003; Jersáková et al.,
2016). On the other hand, female reproductive success
may be decreased in the case where one species gives more
rewards to the pollinators compared to another species
(Levin and Anderson, 1970). Although this might be the
reason for the differentiation in the pollination success
between the two studied orchids, the exact mechanisms
of pollinator attraction are not well known. Another
possible explanation of the higher pollination success of
O. purpurea could be the wide range of pollinators that
the flowers of this species attract, compared to those of
O. punctulata. This is in accordance with Cozzolino et al.
(2001), who hypothesized that the floral differentiation
between the closely related O. punctulata and O. purpurea
may reflect the adaptation to local pollinators in the
eastern Mediterranean.
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Pollinator activity and behavior in forests and
grasslands seem to have a different effect on pollination
success in both species. In open habitats, such as the
studied grassland communities, both species had
significantly higher percentages of pollinated flowers
compared to the individuals occurring within the forest.
An explanation for this differentiation is that midsuccessional habitats and open areas offer more nesting
and feeding resources to pollinators than in forests,
whereas, in contrast, forest pollinators seem to be more
specialized than those occurring in open habitats and
consequently more restricted (Steffan-Dewenter and
Westphal, 2008). Jacquemyn et al. (2009) hypothesized that
in open habitats (e.g., grasslands) deceptive orchids may
attract more potential pollinators. Moreover, Jacquemyn
and Brys (2010) studied the differences in the pollination
success of O. purpurea between forest and grassland and
found a similar (although nonsignificant) trend to the
results of the present study. However, they recorded that
in years characterized by an exceptionally dry spring
the pollination success of O. purpurea was higher in the
individuals growing within forests compared to those
recorded in the grassland communities. Together with
the increased pollinator availability in open habitats, their
behavior may also explain the higher pollination success
of the individuals recorded in the grasslands. Specifically,
in the composition of the grassland communities, at least
around the Mediterranean, many nectar containing species
are present and as a result the nectarless orchids occurring
in these grasslands benefit from their pollinators. This
theory, usually called the magnet species theory, has
also been confirmed in the cases of Orchis spitzelii (Fritz,
1990), Anacamptis boryi (Gumbert and Kunze, 2001), and
Traunsteinera globosa (Juillet et al., 2007).
The plant traits that in general increase their visibility
and attractiveness (plant height and inflorescence size) had
a significantly positive effect in the female reproductive
success of O. punctulata occurring within forests,
confirming the findings of other studies concerning
deceptive orchids (Kindlmann and Jersáková, 2006;
Jersáková et al., 2016), whereas the effects on the pollination
success of O. purpurea as well as of O. punctulata occurring
in grassland communities were nonsignificant. A large and
showy habitus of a deceptive orchid has been hypothesized
to increase the attraction of pollinators even from large
distances (Jersáková et al., 2016). Moreover, the results
of the present study confirm the high significance of the
NND on the pollination success, as it reflects the behavior
of the pollinators that receive no reward. The NND can be
considered another metric of the population density that
has also been found to affect reproduction success in most
nonrewarding orchids (Jacquemyn et al., 2002; Tremblay
et al., 2005; Machaka-Houri et al., 2012). However, it seems
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that the results on the effects of the increased distance
between the individuals are contradictory. For example,
although it has been found that in O. punctulata and O.
purpurea the pollination success is negatively correlated
with the minimum neighbor distance (nonsignificant
in the case of O. purpurea), which is likely caused by
pollinators’ skipping inflorescences between unrewarding
visits (Hobbhahn et al., 2017), in Orchis galilaea pollination
success is negatively correlated with the population density
(Machaka-Houri et al., 2012).
Orchis punctulata and O. purpurea usually grow in
small-sized populations (Vakhrameeva et al., 2008).
Although the female reproductive success of O. purpurea
in the study area was higher compared to the data provided
for other deceptive orchids (Claessens and Kleynen,
2011), the respective percentages of O. punctulata were
low and similar to those of other nonrewarding orchids
(e.g., Schatz et al., 2013). The fact that O. punctulata
at the edges of its distribution range is characterized by
an almost equal pollination success compared to other
populations occurring near the center of its distribution
range (Kretzschmar et al., 2007) might demonstrate that
its distribution in its westernmost area is not delimited by
factors related to its pollination effectiveness. Moreover,
the higher fruit set of O. purpurea does not result in a
richer population compared to O. punctulata and thus
these results obviously demonstrate that other factors,
mostly related to the microsite conditions or mycorrhizal
limitation, play a much more significant role in the
colonization of more western areas. The high significance
of the orchid mycorrhizal fungi on orchids is well known

as orchids are heavily dependent on them, especially
at their early life stages (Rasmussen, 1995). The smallsized populations, as well as the clusters and groups of
individuals that many orchids usually form, might be due
to their mycorrhizal availability. Specifically, it has been
observed that fungi abundances are increased close to
the orchid individuals and they decline with increasing
distance from the adult plants (Cameron et al., 2008).
From a conservative point of view, the higher female
reproduction success of the individuals of O. punctulata
recorded in the grassland communities compared to
those occurring within the forest demonstrates that this
species is growing better and more successfully in open
or semiopen habitats. Consequently, the individuals
that grow within the forest might be favored by using
management practices that will increase the light within it,
resulting in a positive population growth rate (Jacquemyn
et al., 2002). However, the long-term survival of small
populations does not only depend on the high fruit set but
also from other endogenous factors, such as the increased
pollen and seed viability, as well as the high percentages
of seed germination in the ground, which demonstrate
that further research should be conducted to ensure the
survival of O. punctulata in northeast Greece.
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